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(54) Adaptable positioning station for an assembly line 



(57) An apparatus for changing side and underbody 
framing gates is shown in the drawings. The apparatus 
(10) includes a framing station (12) disposed on a sup- 
port surface (13) along a vehicle body assembly line (14) 
in a position to receive and hold vehicle bodies (16) for 
welding. The apparatus (10) also includes a framing 
gate pair (1 8) interchangeably supportable at the fram- 
ing station (12) and including two framing gates (20). 
Each framing gate (20) carries toois (22) such as locat- 



ing fixtures and damps. The locating fixtures are for 
moving the sub-elements of a vehicle body (1 6) into de- 
sired positions relative to one another for welding, and 
the clamps are to hold the sub-elements in those relative 
positions during welding operations. The toois (22) pos- 
itively locate and hold sub-elements of a vehicle body 
(1 6) in pre-determined positions relative to one another 
when the two framing gates (20) are supported in re- 
spective framing positions on either side of a vehicle 
body (16) received at the framing station (12). 



CM 
< 

CO 
CM 

o 

CO 



0. 
UJ 



IQ3 




74 



Printed by Jouvo. 75001 PARIS (FR) 



1 



EP 1 302 391 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Fl Id of the Inventi n 

[0001] This invention relates generally to a flexible 
framing station tool changing method and apparatus 
and more specifically to a method and apparatus for 
changing out framing station sideand underbody tooling 
gates. 

Description of the Related Art Including Information 
Disclosed Under 37 CFR 1 .97 and 1 .98 

[0002] In manufacturing automotive bodies, various 
body components such as roof, floor and side body sec- 
tions must be joined together. In many framing systems, 
the body components are first loosely "toy-tabbed" to- 
gether before they are welded. Toy tabbing allows 
enough freedom of relative movement between the 
body components to properly locate them before weld- 
ing. The toy-tabbed body assembly. is then moved to a 
framing station where locating fixtures engage it. The 
locating fixtures are carried by a pair of framing gates 
that are moved toward either side of the body by a fram- 
ing drive system. The gates positively locate and hold 
the loosely assembled body components together long 
enough for welding machines or human welders to form 
enough welds between the body components to hold 
them rigidly together. Such systems typically include 
both side gates that engage vehicle bodies from the 
sides and underbody tooling support beams that en- 
gage vehicle bodies from below. 
[0003] Some flexible framing systems include several 
interchangeable framing gate pairs, each of which is 
configured to support a specific automotive body con- 
figuration. Flexible framing systems of this type can be 
reconfigured to accommodate a different body style sim- 
ply by removing one gate pair from a framing station and 
installing another. 

[0004] A flexible framing system of this type may in- 
clude both side tool gates and underbody tool support 
beams interchangeably supported adjacent a vehicle 
body assembly line conveyor. The conveyor in such a 
system passes through the framing station and supplies 
a series of loosely assembled vehicle bodies to the fram- 
ing station for welding. The station supports side tool 
gates on either side of the path that the vehicle bodies 
follow into the framing station on the conveyor. The sta- 
tion in such a system also supports underbody tool sup- 
port beams beneath the path of such vehicle bodies. 
Each set of side gates and underbody beams (gate- 
beam set) is dedicated to a specific vehicle body con- 
figuration, so the gate-beam sets are interchanged in 
preparation for changes in the type or configuration of 
vehicle body to be produced on the assembly line. Each 
framing gate and underbody beam carries tools in the 



form of locating fixtures and clamps that are positioned 
to positively locate and hold sub-elements of a specific 
vehicle body configuration in proper positions relative to 
each other for welding when the gates ar supported in 
5 respective framing positions. 

[0005] For example, United States Patent No. 
6,293,454 issued 25 September 2001 to Zhang et ai., 
discloses a flexible framing station having underbody 
framing gates. The underbody framing gates are remov- 
10 ably supportable at the framing station. A framing gate 
drive removably supports one of the underbody framing 
gates at a time at the framing station and moves it be- 
tween stowed and framing positions. In the stowed po- 
sition an underbody framing gate is spaced downward 
15 from the conveyor. In theframing position, an underbody 
framing gate engages the underside of a vehicle body 
carried by the conveyor In the framing station. 
[0006] United States Patent No. 5,560,535 issued 1 
October, 1996 to Miiler et al. discloses framing gate 
pairs and an underbody support removably supportable 
at a framing station. A pair of upright side gate supports 
are movably supported at the framing station and de- 
tachably support one of the framing gate pairs at a time 
for reciprocal motion between respective stowed and 
framing positions. In the stowed position, the side gates 
are spaced from and generally parallel to either side of 
a vehicle body assembly line path passing between 
them. In the framing positions the side gates are dis- 
posed closer to the vehicle body assembly line path 
such that when a vehicle body assembly is disposed be- 
tween the side gates of a side gate pair on the assembly 
line path, the locating fixtures supported on the gates 
engage and hold sub-elements of that vehicle body as- 
sembly in proper positions relative to each other for 
welding. A harmonic framing gate drive is operably con- 
nected to the side gate supports and moves the sup- 
ports through a reciprocal motion that carries the gates 
between their stowed and framing positions. However, 
neither the Shang et al. system nor the Miller et al. sys- 
tem can install, remove, and store the underbody sup- 
port together with the framing gate pairs 

Brief Summary of the Invention 

[0007] According to the invention, an apparatus is 
provided for changing out framing station side and un- 
derbody tooling. The apparatus includes a framing sta- 
tion configured to be disposed along a vehicle body as- 
sembly line in a position to receive and hold vehicle bod- 
ies for welding. A framing gate pair is interchangeably 
supportable at the framing station and includes two side 
gates. Each side gate carries tools positioned and con- 
figured to positively locate and hold sub-elements of a 
vehicle body in predetermined positions relative to one 
another when the two side gates are supported in re- 
spective framing positions on either sid of a vehicle 
body received at the framing station. An underbody tool- 
ing support beam pair is also interchangeably support- 
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abl at the framing station and includes two underbody 
tooling support beams. Each gate of the underbody tool- 
ing support beam pair carries tools positioned and con- 
figured to positively locate and hold sub-elements of a 
vehicle body in predetermined positions relative to one 5 
another when the two underbody tooling support beams 
are supported in respective framing positions beneath 
a vehicle body received at the framing station. A trans- 
port positioner is disposed at the framing station and is 
configured to move the framing gate pair and the under- 
body tooling support beam pair from respective support- 
ed positions at the framing station. The transport posi- 
tioner is also configured to interconnect the gates of the 
gate pair and the beams of the underbody tool support 
beam pair into a single gate-beam set and move the 
gate-beam set to a transport position for removal from 
the framing station. 

[0008] The invention also includes a method for 
changing out framing station side and underbody tool- 
ing. According to this method one can change out fram- 
ing station side and underbody tooling by first providing 
a framing station along a vehicle body assembly line in 
a position to receive and hold vehicle bodies for welding. 
A framing gate pair and an underbody tooling support 
beam pair are supported for framing operations at the 
framing station with each gate including tools configured 
and positioned to positively locate and hold sub-ele- 
ments of a vehicle body in predetermined positions rel- 
ative to one another. The gates and beams are moved 
from their respective supported positions at the framing 
station and interconnected into a single gate-beam set. 
The gate-beam set is then moved to a transport position 
and removed from the framing station. 
[0009] According to another aspect of the inventive 
method, a second gate-beam set is provided including 
an interconnected framing gate pair and underbody tool- 
ing support beams connected to the side gates. The 
second gate-beam set is moved onto the framing sta- 
tion, and the individual gates of the second set of gates 
are moved into respective supported positions at the 
framing station for framing operations. 
[0010] Objects, features and advantages of this in- 
vention include providing a flexible framing station gate 
change out system that simplifies and speeds the proc- 
ess of changing out and storing side and underbody 
framing gates, and that allows side and underbody fram- 
ing gates to be removed, transported, stored, and in- 
stalled together as a single gate-beam set. 

Brief Description of the Several Views of the 
Drawings 

[0011] These and other objects, features and advan- 
tages of this invention will be apparentfrom the following 
detailed description of the preferred embodiment(s) and 
best mode, appended claims, and accompanying draw- 
ings in which: 



FIG. 1 is a partially cut-away end view of one of two 
sides of an apparatus constructed according to the 
Invention and showing a side and an underbody 
tooling support beam of the apparatus in respectiv 
framing positions relative to a vehicl body shown 
in phantom; 

FIG. 2 is a partially cut-away end view of the same 
side of the apparatus shown in FIG. 1 and showing 
the underbody tooling support beam engaging the 
side gate with the side gate still supported on a mov- 
able gate support of the invention; 
FIG. 3 is a partially cut-away end view of both sides 
of the apparatus of FIG. 1 and showing the side and 
underbody tooling support beams interconnected 
as a single gate-beam set in a transport position; 
FIG. 4 is a partially cut-away top view of one of the 
two sides of the apparatus of FIG. 1 and a fragmen- 
tary top view of the other of the two sides of the ap- 
paratus of FIG. 1 ; and 

FIG. 5 is a side view of one of the two sides of the 
apparatus of FIG. 1 taken along line 5-5 of FIG. 3. 

Detailed Description of the Preferred Embodiment 

[001 2] An apparatus for changing side and underbody 
framing gates is shown in the drawings. The apparatus 
10 includes a framing station 12 disposed on a support 
surface 13 along a vehicle body assembly line 14 in a 
position to receive and hold vehicle bodies 16 for weld- 
ing. The apparatus 1 0 also includes a framing gate pair 
18 interchangeably supportable at the framing station 
12 and inciuding two framing gates 20. Each framing 
gate 20 carries tools 22 such as locating fixtures and 
clamps. The locating fixtures are for moving the sub-el- 
ements of a vehicle body 1 6 into desired positions rela- 
tive to one another for welding, and the clamps are to 
hold the sub-elements in those relative positions during 
welding operations. The tools 22 positively locate and 
hold sub-elements of a vehicle body 16 in pre-deter- 
mined positions relative to one another when the two 
framing gates 20 are supported in respective framing 
positions on either side of a vehicle body 16 received at 
the framing station 12 as shown in FIGS. 1 and 5. The 
apparatus 10 also includes an underbody tooling sup- 
port beam pair 24 interchangeably supportable at the 
framing station 12 and including two underbody tooling 
support beams 26. Each underbody tooling support 
beam 26 also carries tools 22 such as locating fixtures 
and clamps. The underbody tools 23 are positioned to 
positively locate and hold sub-elements of a vehicle 
body 16 in predetermined positions relative to one an- 
other when the two underbody tooling support beams 
26 are supported in respective framing positions be- 
neath a vehicle body 1 6 received at the framing station 
12 as best shown in FIG. 1 . A transport positioner 30 is 
disposed at the framing station 1 2 and moves the fram- 
ing gate pair 1 8 and the underbody tooling support beam 
pair 24 from respectiv supported positions at th fram- 
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ing station 12 to a transport position, as best shown in 
FIG. 3, for removal from the framing station 12. 
[001 3] The transport positioner 30 is also designed to 
move a gate-beam set 32 from the transport position in 
the framing station to respective supported positions on 
the framing station 12 for framing operations. In other 
words, the transport positioner 30 assembles gates 20 
and beams 26 into a gate-beam set 32 for transport and 
separates gate-beam sets 32 at the framing station 12 
and positions the individual gates 20 and beams 26 of 
such gate-beam sets 32 for framing operations. 
[0014] Each framing gate 20 of a framing gate pair 1 8 
is connected to and supported on one of the underbody 
tooling support beams 26 of a corresponding underbody 
tooling support beam pair 24 when the two gate pairs 
18, 24 are interconnected into a single gate-beam set 
32 for transport. A gate interconnect 34 of the transport 
positioner 30 connects the underbody tooling support 
beams 26 and framing gates 20 as described above and 
includes gate interconnect brackets 36 fixed along a bot- 
tom edge of each of the under body beams 26. Gate 
wheels 38 are attached to each of the gate interconnect 
brackets 36 in positions to support the underbody tool- 
ing support beams 26 for transport when the gates 20 
and beams 26 are interconnected as a gate-beam set 
32. 

[0015] The gate interconnect 34 also Includes four 
beam lifters 40, two of which are supported on the sup- 
port surface 13 beneath one of the underbody tooling 
support beams 26. Each of the four beam lifters 40 in- 
cludes a lifter housing 42 and an extendable lifter rod 
44 supported within the lifter housing 42. Four lifter pins 
46 are mounted on upper ends of the respective lifter 
rods 44. The lifter pins 46 are normally snugly received 
In corresponding lifter pin apertures 48 formed along the 
bottom edges of the underbody tooling support beams 
26. 

[0016] The gate interconnect 34 of the transport po- 
sitioner 30 further Includes four side gate interconnect 
bracket pins 50 mounted on and extending upward from 
respective top surfaces of the respective gate intercon- 
nect brackets 36. The side gate Interconnect pins 50 are 
positioned to be snugly received in corresponding inter- 
connect bracket pin apertures 52 formed along bottom 
surfaces of the framing gates 20. 
[0017] As shown in FIGS. 1-3, the gate interconnect 
34 further includes four gate lift pins 53 that extend 
downwardly from respective gate lift brackets 55. The 
gate lift brackets 55 extend horizontally inward from the 
framing gates 20 and position the gate lift pins 53 in ver- 
tical alignment with corresponding gate lift pin apertures 
57 formed in upper surfaces of the underbody tooling 
support beams 26 when the framing gates 20 are in re- 
spective pre-transport positions as shown in FIG. 2. 
[0018] As best shown in FIG. 1 , support beam clamps 
54 engage each of the underbody tooling support 
beams 26 such that the underbody tooling support 
beams 26 do not sway or rock on the lifter housing 42 



while the framing station 1 2 is i n use and the beam lifters 
40 ar in respective down positions holding the under- 
body tooling support beams 26 in respective framing po- 
sitions. The underbody tooling support beam lifters 

5 move the underbody tooling support beams 26 between 
their framing positions as shown in FIG. 1 , and the po- 
sitions shown in FIG. 2. The underbody tooling support 
beams 26 connect to their respective corresponding 
framing gates 20 with the side gate interconnect pins 50 

10 engaging the interconnect bracket pin apertures 52 
when the underbody tooling support beams 26 are in 
their respective gate attachment positions as shown in 
FIG. 2. 

[0019] The transport positioner 30 also includes four 
15 lift arms 56, two of which are pivotally mounted on one 
of two framing gate support bases 58 disposed on each 
side of the vehicle body assembly line 14. Each pair of 
lift arms 56 carries one of two parallel framing station 
rails 60 between respective retracted positions, as 
20 shown in FIGS. 1 and 2, and lower support positions, as 
shown in phantom in FIG. 2. In their lower support po- 
sitions, the framing station rails 60 engage the gate 
wheels 38 of respective underbody tooling support 
beams 26 so that, together, the two rails 60 are support- 
25 ing the weight of an interconnected gate-beam set 32. 
In their retracted positions, the framing station rails 60 
are held clear of the underbody tooling support beams 
26 so that when the underbody tooling support beams 
26 move between the framing and transport positions 
30 there is no contact between the underbody tooling sup- 
port beams 26 and the rails 60. 
[0020] The lift arms 56 further carry the framing sta- 
tion rails 60 upward from their lower support positions 
to respective upper support positions that position the 
35 gate-beam set 32 in a transport position as shown in 
FIG. 3. When a supported gate-beam set 32 is in its 
transport position the framing station rails 60 are aligned 
with other rails (not shown) positioned outside the fram- 
ing station to move gate-beam sets 32 on and off the 
40 framing station 12. Each of the gate lift arms 56 is driven 
by a lift arm actuator 62 drivingly coupled to a linkage 
64 that is, in turn, drivingly coupled to a gate lift arm. 
Through the linkages 64, the lift arm actuators 62 drive 
the respective gate lift arms 56 and framing station rails 
45 60 between their retracted positions and their upper and 
lower support positions. 

[0021] The framing gates 20 are movable past their 
respective framing positions, shown in FIG. 1, to their 
respective pre-transport positions, shown in FIG. 2. In 
50 their pre-transport positions, the framing gates 20 en- 
gage one another, the side gate interconnect pins 50 on 
the gate interconnect brackets are vertically aligned be- 
low the interconnect bracket pin apertures 52 in the 
framing gates 20, and, as described above, the gate lift 
55 pins 53 are vertically aligned above their corresponding 
gate lift pin apertures 57 in the underbody tooling sup- 
port beams 26. 

[0022] To move the framing gates 20 between their 
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framing and pre-transport positions, as well as respec- 
tive stowed positions shown in FIG. 3, the framing sta- 
tion 12 includes a framing gate drive 66. The framing 
gate drive 66 is operably connected to th framing gates 
20 through fourframing gate supports 68. In th stowed 
positions the framing gates 20 are disposed in positions 
spaced from and generally parallel to a vehicle body as- 
sembly line 14 path passing between them. In the fram- 
ing position shown in Figure 1 , the framing gates 20 are 
disposed closer to the vehicle body assembly line 14 
path such that when a vehicle body 16 assembly is dis- 
posed between the gates 20 on the path, the tools 22 
supported on the gates 20 engage and hold sub-ele- 
ments of that vehicle body 1 6 assembly in proper posi- 
tions relative to each other for subsequent welding op- 
erations at the framing station 12. 
[0023] The framing gate drive 66 Includes harmonic 
drives 70 that move the framing gate supports 68 
through a lateral reciprocal motion that carry the framing 
gates 20 between their respective stowed and framing 
positions on either side of a vehicle body 1 6 during fram- 
ing operations. Each of the framing gate supports 68 is 
mounted on a pair of parallel low friction frame support 
rails 71 . Each pair of frame support rails 71 is fixed to a 
top surface of one of the two frame support bases 58. 
Each harmonic drive 70 includes a reversible motor 72 
that drives an arm 74 and a link 76 that is coupled to 
one of the framing gate supports 68. The rotation of the 
motors 72 back and forth causes the arms 74 and the 
links 76 to reciprocate back and forth driving the sup- 
ports 68 and the framing gates 20 between their stowed 
and framing positions. In other embodiments, the gate 
drive mechanism may be of any type known in the art 
to include the mechanism disclosed in U.S. Patent No. 
5,560,535 issued October 1 , 1996 and assigned to the 
assignee of the present invention. 
[0024] As best shown in FIGS. 1-3, the framing gate 
drive 66 also includes a side gate transport drive 78 of 
the transport positioner 30. The side gate transport drive 
78 Includes a gate position cylinder 80 that moves the 
framing gate supports 68 in such a way as to the drive 
the framing gates 20 past their respective framing posi- 
tions shown in FIG. 1 to their respective pre-transport 
positions shown in FIG. 2. To accomplish this, each link 
76 is attached to a slide 82 that is coupled to clevis 84 
mounted on the end of a drive rod 86 of a corresponding 
gate position cylinder 80. Lock pins 88 engage aper- 
tures 89 in the frame gate support 68 to fix the positions 
of the slides 82 relative to their corresponding supports 
68. Distal ends of the gate cylinders 80 are attached to 
their corresponding supports 68. With the lock pins 88 
in place as shown in FIG. 1 , the gate position cylinders 
80 are not able to extend the drive rods and the positions 
of the gates are controlled by the links 76 and the har- 
monic drives 70 for framing operations. With the lock pin 
88 removed as shown in FIGS. 2 and 3, the positions of 
the side gates 20 are controlled by the gate position cyl- 
inders 80. Once the harmonic drives 70 have positioned 



the gates in their respective framing positions, the lock 
pins 88 can be removed and the gate position cylinders 
80 used to move the framing gates 20 from their respec- 
tive framing positions to th ir resp ctive pre-transport 
s positions. 

[0025] Each of the framing gates 20 is removably 
mounted on its frame support 68 by upper and lower 
gate mounting brackets 90 that mate with upper and 
lower gate mounting pins 92 supported on the gate sup- 

io ports 68. Gate mounting bracket clamps 94 are also 
supported on the supports 68 and lock the upper and 
lower gate mounting brackets 90 on the gate mounting 
pins 92 for framing operations. The gate mounting 
bracket clamps 94 are actuated between engaged and 

15 released positions by gate clamp cylinders 96. With the 
gate mounting bracket clamps 94 open, the upward mo- 
tion of the framing station rails 60 from their lower to the 
upper support positions disengages the underbody tool- 
ing support beams 26 from their underbody tooling sup- 

20 port beam lifters and disengages the framing gates 20 
from the framing gate supports 68 as best shown in FIG . 
2. 

[0026] To interconnect the framing gates 20 in the pre- 
transport and transport positions, each framing gate pair 
25 18 includes a pair of releasably interconnecting exten- 
sion frames 98. Each extension frame 98 is fixed along 
an upper edge of a lower tool-holding portion 100 of 
each framing gate 20 of each framing gate pair 1 8. The 
two extension frames 98 of each framing gate pair 18 
30 releasably interconnect along respective interfacing 
edges of top beams 102, 103 of the extension frames 
98. The top beams 1 02, 1 03 interconnect such that the 
framing gates 20 are held in relative positions accessi- 
ble for engagement by the upright supports 68 of the 
35 framing station 12 when a gate-beam set 32 is moved 
into the framing station 12. Interconnection of the exten- 
sion frames 98 also spaces the gates 20 and intercon- 
nect brackets 36 property for the gate support wheels 
38 to engage and be positioned to roll along the framing 
station rails 60 during transport. 
[0027] The interfacing edge of one of the extension 
frame top beams 102, 103 of each gate pair includes 
top beam locating pins 104 engageable with corre- 
sponding top beam pin receptacles 106 in the interfac- 
es ing edge of the other extension frame top beam 103. 
Engagement of the top beam locating pins 1 04 and their 
corresponding pin receptacles 1 06 positively locates the 
top beams 102, 103 and therefore the side gates 20 of 
each framing gate pair 18 in relation to one another for 
so transport and for subsequent engagement with the sup- 
ports 68 upon delivery to the framing station 12. Each 
framing gate pair 18 also includes one or more beam 
clamps as is schematically shown at 108 in Figure 2. 
The beam clamps 108 hold the interconnecting exten- 
55 sion frames 98 of each side gate pair 18 together in a 
proper relative orientation for transport and storage. 
[0028] As shown in FIG. 3, each framing gate pair 1 8 
includes two pairs of tie bars 1 1 0 that releasably connect 
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between the two gates 20 of each framing gate pair 18. 
When connected, each pair of tie bars 110 forms an X 
configuration across opposite ends of the framing gate 
pair 1 8. The tie bars 1 1 0 hold th side gates 20 together 
and provide structural rigidity for transport and storage 
of a gate-beam set 32. Each framing gate 20 of each 
framing gate pair 1 8 includes two vertically spaced lock- 
ing posts 112 on respective vertical end members 114 
of the framing gates 20. The locking posts 112 each re- 
leasably engage one end of one of the tie bars 110 so 
that the bars can be easiiy installed for transport and 
storage and then removed for framing operations after 
a gate-beam set 32 has been newly Installed at the fram- 
ing station 12. The tie bars 110 each engage diagonally 
opposite locking posts 112 to form the X configuration. 
[0029] In practice, a gate-beam set 32 including both 
the framing gate pair 1 8 and the underbody tooling sup- 
port beam pair 1 8, 24, can be removed from the framing 
station 12 by first actuating the harmonic drives 70 to 
move the framing gates 20 of the framing gate pair 18 
from their respective stowed positions (not shown) to 
their respective framing positions as shown in FIG. 1 . 
The framing drive lock pins 88 are then removed from 
the slides 82 so that the gate position cylinders 80 can 
be extended, moving the framing gate supports 68 and 
the framing gates 20 inward from their respective fram- 
ing positions toward their respective pre-transport posi- 
tions as shown in FIG. 2. The gate position cylinders 80 
are extended until the top beams 1 02 of each of the 
framing gates 20 abut one another and the top beam 
locating pins 104 of one top beam 1 02 are. received into 
the top beam pin receptacles 1 06 of the other top beam 
103. In this position, the side gate lift pins 53 are verti- 
cally aligned above their corresponding side gate lift pin 
apertures 57 in the underbody tooling support beams 
26 and the side gate interconnect bracket pins 50 are 
vertically aligned below their corresponding intercon- 
nect bracket pin apertures 52 in the side gates 20. The 
support beam clamps 54 are then pulled out of engage- 
ment with their respective underbody tooling support 
beams 26, as shown in FIG. 2, so that the underbody 
tooling support beams 26 are free to be raised by the 
lifter rods 44 and the lifter pins 46 to respective positions 
where they engage the lifter pin apertures 48. With the 
underbody tooling support beams 26 and their respec- 
tive raised pre-transport positions, the side gate inter- 
connect bracket pins 50 engage the bracket pin aper- 
tures 52 and the side gate lift pins 53 engage the side 
gate lift pin apertures 57. This coupling of pins and sock- 
ets prevents relative sliding and rocking between the un- 
derbody tooling support beams 26 and the framing 
gates 20 during transport. 

[0030] When the underbody tooling support beams 26 
are in their raised pre-transport positions as shown in 
FIG. 2, the gate lift arms 56 can be raised by their re- 
spective actuators and linkages until th two framing 
station rails 60 contact the support wh els 38. The gate 
mounting bracket clamps 94 are then actuated to open 



and release the gate mounting brackets 90. An operator 
then places the cross tie bars 1 1 0 on the tie bar attach- 
ment posts. The lifter arm actuators are then energized 
to raise the respectiv gate lift arms 56 causing the fram- 
5 jng station rails 60 to lift the gate-beam set 32 from the 
pre-transport position to the transport position as shown 
in FIG. 3. 

[0031] Alternatively, once the gates have been 
brought together so that the beams 1 02, 1 03 are in con- 

10 tact, the lift arms 56 can be used to raise the gates and 
the underbody tooling from the framing position to the 
transport position in a single motion by first raising the 
gates with the lift cylinders 40. The cross braces 1 1 0 are 
then attached to the mounting posts 112. The lift arms 

15 56 can then be raised from the lowered position to the 
fully raised position by engaging the wheels 38 with the 
rails 60 and lifting the gates 20 off the gate mounting 
pins 92. 

[0032] In moving the gate-beam set 32 from the pre- 
20 transport position to the transport position shown in FiG . 
3, the gate mounting brackets 90 are lifted free of the 
gate mounting pins 92 and the underbody tooling sup- 
port beams 26 are lifted off the lifter pins 46. The gate 
position cylinder 80 then retracts the gate supports 68 
25 away from the side gates 20 until the vertical beams 102 
of the supports 68 are clear of the gate mounting brack- 
ets 90. A tractor mechanism or other means is then used 
to move the gate-beam set 32 including both side and 
underbody tooling support beams 26 as a unit out of the 
30 framing station 1 2. The support wheels 38 roll along the 
framing station rails 60 and onto other rail sections that 
form a rail path. 

[0033] Once a gate-beam set 32 has been removed 
out of the framing station 12, a new gate-beam set 32 
35 can be moved into the framing station 12. The side gates 
20 and underbody support beams 26 of the new gate- 
beam set 32 are then moved into supported positions of 
the framing station 12 by repeating in reverse order the 
sequence of events described above. 
40 [0034] This description is intended to illustrate certain 
embodiments of the invention ratherthan to limit the in- 
vention. Therefore, it uses descriptive ratherthan limit- 
ing words. Obviously, its possible to modify this inven- 
tion from what the description teaches. Within the scope 
45 of the claims, one may practice the invention other than 
as described. 



Claims 

1 . A flexible framing apparatus for interchanging side 
and underbody framing station tooling, the appara- 
tus comprising: 

a framing station configured to be disposed 
along a vehicle body assembly line in a position 
to receive and hold vehicle bodies for welding; 
a framing gate pair interchangeably supporta- 
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bleat the framing station and including two side 
gates, each of which carries tools positioned 
and configured to positively locate and hold 
sub-elements of a vehicle body in predeter- 
mined positions relative to one another when 
the two side gates are supported in respective 
framing positions on either side of a vehicle 
body received at the framing station; 
an underbody tooling support beam pair inter- 
changeably supportable at the framing station 
and including two underbody tooling support 
beams, each of which carries tools positioned 
and configured to positively locate and hold 
sub-elements of a vehicle body in predeter- 
mined positions relative to one another when 
the two underbody tooling support beams are 
supported in respective framing positions be- 
neath a vehicle body received at the framing 
station; and 

a transport positioner disposed at the framing 
station and configured to move the framing gate 
pair and the underbody tooling support beam 
pair from respective supported positions at the 
framing station to interconnect the gates of the 
gate pair and the beams of the beam pair into 
a single gate-beam set and to move the gate- 
beam set to a transport position for removal 
from the framing station. 

2. A flexible framing apparatus as defined in claim 1 
in which the transport positioner is further config- 
ured to move each gate and beam of a second gate- 
beam set comprising interconnected side framing 
gates and underbody tool support beams to respec- 
tive supported positions on the framing station for 
framing operations. 

3. A flexible framing apparatus as defined in claim 2 
In which each underbody tooling support beam of 
an underbody tooling support beam pair is connect- 
ed to one of the side gates of a corresponding side 
gate pair when interconnected as a gate-beam set. 

4. A flexible framing apparatus as defined in claim 3 
in which each of the gates of each side gate pair is 
supported on one of the underbody tooling support 
beams of the underbody tooling support beam pair 
when interconnected as a gate-beam set. 

5. A flexible framing apparatus as defined in claim 4 
in which each of the underbody tooling support 
beams of each underbody tooling support beam 
pair includes gate wheels that support the gate- 
beam set for transport when the gates are intercon- 
nected as a gate-beam set. 

6. A flexible framing apparatus as defined In claim 5 
in which: 



the transport positioner includes a pair of par- 
allel rails movable between respective retract- 
ed positions and low r support positions; and 
when in th ir lower support positions, the rails 
5 engage the gate wheels of an interconnected 

gate-beam set and support the gate-beam set 
at the framing station. 

7. A flexible framing apparatus as defined in claim 4 
10 in which: 

the side gates are movable inward past their 
respective framing positions to respective side 
gate interconnect positions where the side 
is gates engage one another and are supported 

above the underbody tooling support beams; 
and 

the transport positioner includes underbody 
tooling support beam lifters configured to move 

20 the underbody tooling support beams between 

their framing positions and respective under- 
body tooling support beam attachment posi- 
tions, the underbody tooling support beams 
connecting to their respective side gates in their 

25 gate attachment positions. 

8. A flexible framing apparatus as defined in claim 7 
in which: 

30 the transport positioner includes lift arms that 

are pivotally mounted on each side of the vehi- 
cle body assembly line and configured to carry 
each of the rails between their retracted posi- 
tions and lower support positions; and 

35 the lift arms are further configured to carry the 

rails upward from their lower support positions 
to respective upper support positions that posi- 
tion the gate-beam set in a transport position. 

40 9. A flexible framing apparatus as defined in claim 2 
in which each side gate pair includes a pair of re- 
leasably interconnecting extension frames, each 
extension frame being fixed to an upper dge of one 
of the gates of the side gate pair and configured to 

45 releasably interconnect along espective interfacing 
edges. 

10. A flexible framing apparatus as defined in claim 9 
in which each gate pair includes at least one pair of 

so tie bars configured to releasably connect between 
the two gates of each gate pair. 

11. A flexible framing apparatus as defined in claim 7 
in which: 

55 

the framing station includes a pair of gate sup- 
ports that support the framing gates for recip- 
rocal motion between respective stowed posi- 
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tions spaced from and generally parallel to a 
vehicle body assembly line path passing be- 
tween them and respective framing positions; 
and 

the framing positions are disposed closer to the s 
vehicle body assembly line path such that when 
a vehicle body assembly is disposed between 
the gates on the path, locating fixtures support- 
ed on the gates engage and hold sub-elements 
of that vehicle body assembly in proper posi- 10 
tions relative to each other for welding. 

12. A flexible framing apparatus as defined in claim 1 1 
in which the framing station includes a framing gate 
drive that is operably connected to the gates and is 
that moves the gates between their stowed and 
framing positions. 

13. A flexible framing apparatus as defined in claim 12 

in which the transport positioner Is configured to dis- 20 
engage the gates from the framing gate drive when 
moving the gate-beam set to the transport position. 

14. A flexible framing apparatus as defined in claim 11 

In which the framing drive is operatively connected 25 
to the gate supports and is configured to move the 
gate supports so as to drive the framing gates be- 
tween their stowed and framing positions. 

15. A flexible framing apparatus as defined in claim 14 30 
in which the framing drive is configured to move the 
gate supports so as to drive the framing gates be- 
tween their framing positions and their respective 
pre-transport positions. 
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